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In the first phase. the mput sub-circuit provides the signal of the input siegnal terminat
to the first node under the control of the signal of the imput signal termunal,
the fust output sub-circut provides the signal of the clock signal ferpunal to the df‘mnxf
signal ouiput termunal under the control of the signal of the first node . and the node
control sub-cirguit provides the signal of the reference signal termunal 1o the second
nods under the conitrod of the signal of the iput sienal termunal

8502

[n the sccond phase, the first output sub-circurt mamtains g stable veltage difference

between the first node and the driving signal output ter minal in résponse 1o the tirst
node being n a floating state, and prov Itﬁtﬁ the signal of the clock signal terominal to the

driving signal cutput terminal under the control of the signal of the first node;
the m,}di, mnl,ml mbwwtuﬁ ]?rm ldw th{: 5%11;:11 n:}f‘ llza,* z‘a‘fw;lmﬁ %l@hﬂ ‘i:umuml UIJ tha,

PP WL Y PR WL WL P W P PR PR L |

5303
[n the third phase, the fust output sub-circutt maintains a stable veoltage diicrence between
the first node and the driving signal outpat terminal in response to the first node being
m g floghing state, and prov vides the stenal of the clock signal termnal o the dniving
sianal output terminal under the control of the signal of the first node; the potential
mamtenance sub-circwit mamtains a stable voltage du¥erence hetween the clock signal
zn.frz‘ﬂﬁmi aﬂﬁ I:I}a, RLL{’}Hd md 1 I‘mpcm% to the wmﬁd 110{[ E}hma ma ﬂi”ﬁ‘:’iilﬁﬂ f»:mu

$504
In the fourth phase, the reset sub-¢ircuit provides the signal of the reference signal
terminal to the fivst node uader the control of the sienal of the reset s1gnal termunal,
the node control gub-circmt provides the signal of the reset signal ferpunat to the second

node under the control of the signal of the reset signal termunal; and the second output
sub-ciremt provades the &.lgnaﬂ of the reference signal terminal to the driving signal output

terminal under the control of the s;gml of the second node

55305
fa the fifth phase. the potential mamntesance sub-circuit maintains a stable voltage
difterence between the clock signal fermupal and the second node m response to the
second node bemgin a ﬂmﬁng state: and the secopd output sub-circint provides the
signal of the reference si enal terminal to the dri ving signal output temmunal ander the

control of the sienal of the second node

Fi1g.5
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1

SHIFT REGISTER, DRIVING METHOD
THEREOFK, GATE DRIVING CIRCUIT, AND
DISPLAY DEVICE

RELATED APPLICATION

The present application 1s the U.S. national phase entry of
PCT/CN2017/105305, with an international filing date of

Oct. 10, 2017, which claims the benefit of Chinese Patent
Application No. 201710008480.X, filed on Jan. 35, 2017, the

entire disclosure of which 1s incorporated herein by refer-
ence.

FIELD

The present disclosure relates to the field of display
technologies, and particularly to a shift register, a dnving
method thereof, a gate driving circuit, and a display device.

BACKGROUND

With the rapid development of display technologies,
display panels are increasingly oriented towards high inte-
gration level and low cost. Gate Driver on Array (GOA)
technology integrates a thin film transistor (TFT) control
terminal switch circuit on an array substrate ol a display
panel to realize scan driving of the display panel, so that
bonding area of the control terminal integrated circuit (IC)
and wiring space of fan-out area can be omitted. Therefore,
the GOA technology can not only reduce the cost of a
product in terms of material cost and preparation process,
but also enable the display panel to realize a artistic design
of symmetrical sides and narrow frames. In addition, this
integration process may also omit a bonding process 1n the
direction of control terminal scan lines, thereby enhancing
the throughput and yield.

SUMMARY

Embodiments of the present disclosure provide a shiit
register, a driving method thereof, a gate driving circuit, and
a display device, which can at least partially alleviate or
even eliminate the above-mentioned problems 1n the prior
art.

Accordingly, embodiments of the present disclosure pro-
vide a shift register comprising an mput sub-circuit, a reset
sub-circuit, a potential maintenance sub-circuit, a node
control sub-circuit, a first output sub-circuit, and a second
output sub-circuit. The 1mput sub-circuit 1s connected to an
input signal terminal and a first node, respectively, and
configured to provide a signal of the input signal terminal to
the first node under the control of the signal of the input
signal terminal. The reset sub-circuit 1s connected to a reset
signal terminal, a reference signal terminal, and the first
node, respectively, and configured to provide a signal of the
reference signal terminal to the first node under the control
of a signal of the reset signal terminal. The potential
maintenance sub-circuit 1s connected to a clock signal
terminal and a second node, respectively, and configured to
maintain a stable voltage difference between the clock signal
terminal and the second node 1n response to the second node
being in a floating state. The node control sub-circuit 1s
connected to the mput signal terminal, the reset signal
terminal, the reference signal terminal, the second node, and
a driving signal output terminal of the shiit register, respec-
tively, and configured to provide the signal of the reference
signal terminal to the second node under the control of the
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2

signal of the mput signal terminal, provide the signal of the
reset signal terminal to the second node under the control of
the signal of the reset signal terminal, and provide the signal
ol the reference signal terminal to the second node under the
control of a signal of the driving signal output terminal. The
first output sub-circuit i1s connected to the clock signal
terminal, the first node, and the driving signal output termi-
nal, respectively, and configured to provide the signal of the
clock signal terminal to the driving signal output terminal
under the control of the signal of the first node, and maintain
a stable voltage difference between the first node and the
driving signal output terminal 1n response to the first node
being in a floating state. The second output sub-circuit 1s
connected to the reference signal terminal, the second node,
and the driving signal output terminal, respectively, and
configured to provide the signal of the reference signal
terminal to the driving signal output terminal under the
control of a signal of the second node.

In some embodiments of the present disclosure, the poten-
t1al maintenance sub-circuit comprises a {irst capacitor. One
end of the first capacitor 1s connected to the clock signal
terminal, and the other end of the first capacitor 1s connected
to the second node.

In some embodiments of the present disclosure, the input
sub-circuit comprises a first transistor. A control terminal
and a first terminal of the first transistor are both connected
to the iput signal terminal, and a second terminal of the first
transistor 1s connected to the first node.

In some embodiments of the present disclosure, the reset
sub-circuit comprises a second transistor. A control terminal
of the second transistor 1s connected to the reset signal
terminal, a first terminal of the second transistor 1s connected
to the reference signal terminal, and a second terminal of the
second transistor 1s connected to the first node.

In some embodiments of the present disclosure, the node
control sub-circuit comprises a third transistor, a fourth
transistor, and a fifth transistor. A control terminal of the
third transistor 1s connected to the iput signal terminal, a
first terminal of the third transistor is connected to the
reference signal terminal, and a second terminal of the third
transistor 1s connected to the second node. A control terminal
and a first terminal of the fourth transistor are both con-
nected to the reset signal terminal, and a second terminal of
the fourth transistor 1s connected to the second node. A
control terminal of the fifth transistor is connected to the
driving signal output terminal, a first terminal of the fifth
transistor 1s connected to the reference signal terminal, and
a second terminal of the fifth transistor 1s connected to the
second node.

In some embodiments of the present disclosure, the first
output sub-circuit comprises a sixth transistor and a second
capacitor. A control terminal of the sixth transistor 1s con-
nected to the first node, a first terminal of the sixth transistor
1s connected to the clock signal terminal, and a second
terminal of the sixth transistor 1s connected to the driving
signal output terminal. One end of the second capacitor 1s
connected to the first node, and the other end of the second
capacitor 1s connected to the driving signal output terminal.

In some embodiments of the present disclosure, the sec-
ond output sub-circuit comprises a seventh transistor. A
control terminal of the seventh transistor 1s connected to the
second node, a first terminal of the seventh transistor is
connected to the reference signal terminal, and a second
terminal of the seventh transistor 1s connected to the driving
signal output terminal.

In some embodiments of the present disclosure, the above
shift register further comprises a first node stabilization
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sub-circuit. The first node stabilization sub-circuit 1s con-
nected to the reference signal terminal, the first node, and the
second node, respectively, and configured to provide the
signal of the reference signal terminal to the first node under
the control of the signal of the second node.

In some embodiments of the present disclosure, the first
node stabilization sub-circuit comprises an eighth transistor.
A control terminal of the eighth transistor 1s connected to the
second node, a first terminal of the eighth transistor 1s
connected to the reference signal terminal, and a second
terminal of the eighth transistor 1s connected to the first
node.

In some embodiments of the present disclosure, the above
shift register further comprises a second node stabilization
sub-circuit. The second node stabilization sub-circuit 1s
connected to a node stabilization control signal terminal and
the second node, respectively, and configured to provide a
signal of the node stabilization control signal terminal to the
second node under the control of the signal of the node
stabilization control signal terminal.

In some embodiments of the present disclosure, the sec-
ond node stabilization sub-circuit comprises a ninth transis-
tor. A control terminal and a first terminal of the ninth
transistor are both connected to the node stabilization con-
trol signal terminal, and a second terminal of the ninth
transistor 1s connected to the second node.

Accordingly, embodiments of the present disclosure fur-
ther provide a gate driving circuit comprising cascaded M
shift registers provided by embodiments of the present
disclosure, where M 1s an integer greater than or equal to 3.
Specifically, an input signal terminal of a first stage shift
register 1s connected to a first frame trigger signal terminal;
an input signal terminal of a second stage shiit register i1s
connected to a second frame trigger signal terminal; an 1nput
signal terminal of an N-th stage shiit register 1s connected to
a driving signal output terminal of an (N-2)-th stage shiit
register; and a reset signal terminal of the (N-2)-th stage
shift register 1s connected to a driving signal output terminal
of the N-th stage shift register, N being an integer greater
than or equal to 3 and less than or equal to M.

Accordingly, embodiments of the present disclosure fur-
ther provide a display device comprising the gate driving
circuit provided above by embodiments of the present
disclosure.

Accordingly, embodiments of the present disclosure fur-
ther provide a driving method of any of the shift register
provided by embodiments of the present disclosure, com-
prising a first phase, a second phase, a third phase, a fourth
phase, and a {ifth phase.

In the first phase, the mput sub-circuit provides the signal
of the mput signal terminal to the first node under the control
of the signal of the mput signal terminal; the first output
sub-circuit provides the signal of the clock signal terminal to
the driving signal output terminal under the control of the
signal of the first node; and the node control sub-circuit
provides the signal of the reference signal terminal to the
second node under the control of the signal of the input
signal terminal.

In the second phase, the first output sub-circuit maintains
a stable voltage difference between the first node and the
driving signal output terminal 1n response to the first node
being in a floating state, and provides the signal of the clock
signal terminal to the driving signal output terminal under
the control of the signal of the first node; the node control
sub-circuit provides the signal of the reference signal ter-
minal to the second node under the control of the signal of
the driving signal output terminal.
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In the third phase, the first output sub-circuit maintains a
stable voltage difference between the first node and the
driving signal output terminal 1n response to the first node
being 1n a floating state, and provides the signal of the clock
signal terminal to the dniving signal output terminal under
the control of the signal of the first node; the potential
maintenance sub-circuit maintains a stable voltage differ-
ence between the clock signal terminal and the second node
in response to the second node being 1n a tloating state.

In the fourth phase, the reset sub-circuit provides the
signal of the reference signal terminal to the first node under
the control of the signal of the reset signal terminal; the node
control sub-circuit provides the signal of the reset signal
terminal to the second node under the control of the signal
of the reset signal terminal; the second output sub-circuit
provides the signal of the reference signal terminal to the
driving signal output terminal under the control of the signal
of the second node;

In the fifth phase, the potential maintenance sub-circuit
maintains a stable voltage difference between the clock
signal terminal and the second node i1n response to the
second node being 1 a floating state; the second output
sub-circuit provides the signal of the reference signal ter-
minal to the driving signal output terminal under the control
of the signal of the second node.

In some embodiments of the present disclosure, each shift
register further comprises the first node stabilization sub-
circuit, and the driving method further comprises: in the
fourth phase, providing, by the first node stabilization sub-
circuit, the signal of the reference signal terminal to the first
node under the control of the signal of the second node; and
in the fifth phase, providing, by the first node stabilization
sub-circuit, the signal of the reference signal terminal to the
first node under the control of the signal of the second node.

In some embodiments of the present disclosure, each shift
register further comprises the second node stabilization
sub-circuit, and the driving method further comprises: 1n the
fourth phase, providing, by the second node stabilization
sub-circuit, the signal of the node stabilization control signal
terminal to the second node under the control of the signal
of the node stabilization control signal terminal.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1a 1s a schematic structural diagram of a shift
register provided by an embodiment of the present disclo-
SUre;

FIG. 1b 1s a schematic structural diagram of a shift
register provided by another embodiment of the present
disclosure:

FIG. 2a 1s a schematic diagram 1llustrating a structure of
the shift register shown i FIG. 1a;

FIG. 26 1s a schematic diagram 1llustrating another struc-
ture of the shift register shown 1n FIG. 1a;

FIG. 3a 1s a schematic diagram 1llustrating a structure of
the shift register shown i FIG. 1b;

FIG. 35 1s a schematic diagram 1llustrating another struc-
ture of the shift register shown 1n FIG. 15;

FIG. 4a 1s an 1input and output timing diagram of the shift
register shown i FIG. 3a;

FIG. 4b 1s an 1nput and output timing diagram of the shift
register shown 1n FIG. 35b;

FIG. 5 1s a flowchart of a driving method provided by
embodiments of the present disclosure; and
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FIG. 6 1s a schematic structural diagram of a gate driving,
circuit provided by embodiments of the present disclosure.

DETAILED DESCRIPTION

Specific implementations of a shift register, a drniving
method thereof, a gate driving circuit, and a display device
provided by embodiments of the present disclosure will be
described 1n detail below with reference to the accompany-
ing drawings. It should be understood that the exemplary
embodiments described herein are only used to illustrate and
explain the present disclosure and are not used to limit the
present disclosure. In the case of causing no conflict, the
embodiments 1n the present application and the features 1n
the embodiments can be combined with each other.

A typical gate driving circuit consists of a plurality of
cascaded shift registers. Scan signals are inputted succes-
sively to individual gate lines on the display panel via the
shift registers of respective stages. Currently, after the shiit
register of each stage outputs a valid pulse signal of the scan
signal, when a driving signal output terminal of the shift
register 1s 1n a low potential maintenance phase, a pull-down
transistor provides a low potential reference signal to the
driving signal output terminal under control of a signal of a
pull-down node, so that the driving signal output terminal 1s
in a low potential output state. However, in the low potential
maintenance phase, the potential of the control terminal of
the pull-down transistor may leak, that 1s, the potential of the
signal of the pull-down node may change, so that the
pull-down transistor cannot be fully turned on and may even
be turned off, thereby causing the drniving signal output
terminal to be unable to maintain a low potential. This
situation may decrease the stability of the shiit register, and
may further lead to display abnormalities.

Embodiments of the present disclosure provide a shiit
register, as shown 1n FIGS. 1q and 15, comprising an input
sub-circuit 1, a reset sub-circuit 2, a potential maintenance
sub-circuit 3, a node control sub-circuit 4, a first output
sub-circuit 5, and a second output sub-circuit. 6. The 1nput
sub-circuit 1 1s connected to an mput signal terminal Input
and a first node A, respectively, and configured to provide a
signal of the 1nput signal terminal Input to the first node A
under the control of the signal of the mput signal terminal
Input. The reset sub-circuit 2 1s connected to a reset signal
terminal Reset, a reference signal terminal VSS and the first
node A, respectively, and configured to provide a signal of
the reference signal terminal VSS to the first node A under
the control of a signal of the reset signal terminal Reset. The
potential maintenance sub-circuit 3 1s connected to a clock
signal terminal CLK and a second node B, respectively, and
configured to maintain a stable voltage difference between
the clock signal terminal CLK and the second node B in
response to the second node B being 1n a floating state. The
node control sub-circuit 4 1s connected to the input signal
terminal Input, the reset signal terminal Reset, the reference
signal terminal VSS, the second node B, and a driving signal
output terminal Output of the shiit register, respectively, and
configured to provide the signal of the reference signal
terminal VSS to the second node B under the control of the
signal of the input signal terminal Input, provide the signal
of the reset signal terminal Reset to the second node B under
the control of the signal of the reset signal terminal Reset,
and provide the signal of the reference signal terminal VSS
to the second node B under the control of the signal of the
driving signal output terminal Output. The first output
sub-circuit 3 1s connected to the clock signal terminal CLK,
the first node A, and the driving signal output terminal
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Output, respectively, and configured to provide a signal of
the clock signal terminal CLK to the driving signal output
terminal Output under the control of a signal of the first node
A, and maintain a stable voltage difference between the first
node A and the driving signal output terminal Output in
response to the first node A being 1n a floating state. The
second output sub-circuit 6 1s connected to the reference
signal terminal VSS, the second node B, and the driving
signal output terminal Output, respectively, and configured
to provide the signal of the reference signal terminal VSS to
the driving signal output terminal Output under the control
of the signal of the second node B.

The shift register provided by embodiments of the present
disclosure comprises: an input sub-circuit, a reset sub-
circuit, a node control sub-circuit, a potential maintenance
sub-circuit, a first output sub-circuit, and a second output
sub-circuit, wherein the input sub-circuit 1s configured to
provide the signal of the mput signal terminal to the first
node under the control of the signal of the mput signal
terminal; the reset sub-circuit 1s configured to provide the
signal of the reference signal terminal to the first node under
the control of the signal of the reset signal terminal; the
potential maintenance sub-circuit 1s configured to maintain
a stable voltage difference between the clock signal terminal
and the second node 1n response to the second node being 1n
a floating state; the node control sub-circuit 1s configured to
provide the signal of the reference signal terminal to the
second node under the control of the signal of the input
signal terminal, provide the signal of the reset signal termi-
nal to the second node under the control of the signal of the
reset signal terminal, and provide the signal of the reference
signal terminal to the second node under the control of the
signal of the driving signal output terminal; the first output
sub-circuit 1s configured to provide the signal of the clock
signal terminal to the driving signal output terminal under
the control of the signal of the first node, and maintain a
stable voltage difference between the first node and the
driving signal output terminal 1n response to the first node
being 1n a tloating state; and the second output sub-circuit 1s
configured to provide the signal of the reference signal
terminal to the driving signal output terminal under the
control of the signal of the second node. Therefore, the
above shiit register provided by embodiments of the present
disclosure enables the potential maintenance sub-circuit to
maintain the potential of the second node by means of
cooperation of the above six sub-circuits so as to ensure
normal output of the second output sub-circuit, thereby
improving the output stability of the shift register to make
the output of the driving signal output terminal more stable.

It 1s to be noted that 1n the above shift register provided
by embodiments of the present disclosure, when a valid
pulse signal of the input signal terminal 1s at a high potential,
the reference signal terminal 1s at a low potential. Alterna-
tively, when the wvalid pulse signal of the input signal
terminal 1s at a low potential, the reference signal terminal
1s at a high potential.

Further, in order to make the potential of the first node 1n
a stable state, the above shiit register provided by embodi-
ments of the present disclosure, as shown 1n FIG. 15, may
further comprise a first node stabilization sub-circuit 7. The
first node stabilization sub-circuit 7 i1s connected to the
reference signal terminal VSS, the first node A, and the
second node B, respectively, and configured to provide the
signal of the reference signal terminal VSS to the first node
A under the control of the signal of the second node B.

Further, 1n order to make the potential of the second node
in a stable state, the above shift register provided by embodi-
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ments of the present disclosure, as shown 1n FIG. 15, may
turther comprise a second node stabilization sub-circuit 8.
The second node stabilization sub-circuit 8 1s connected to
a node stabilization control signal terminal CS and the
second node B, respectively, and configured to provide a
signal of the node stabilization control signal terminal CS to
the second node B under the control of the signal of the node
stabilization control signal terminal CS.

In certain exemplary embodiments, in order to make the
potential of the first node A and the potential of the second
node B 1n a stable state, the above shift register provided by
embodiments of the present disclosure, as shown 1n FIG. 15,
may comprise both the first node stabilization sub-circuit 7
and the second node stabilization sub-circuits 8. The first
node stabilization sub-circuit 7 1s connected to the reference
signal terminal VSS, the first node A, and the second node
B, respectively, and configured to provide the signal of the
reference signal terminal VSS to the first node A under the
control of the signal of the second node B. The second node
stabilization sub-circuit 8 1s connected to the node stabili-
zation control signal terminal CS and the second node B,
respectively, and configured to provide the signal of the node
stabilization control signal terminal CS to the second node
B under the control of the signal of the node stabilization
control signal terminal CS.

Further, 1in order to reduce the number of signal lines, in
the above shiit register provided by embodiments of the
present disclosure, the node stabilization control signal
terminal may be the same signal terminal as the reset signal
terminal.

The present disclosure will be described 1n detail below 1n
conjunction with specific embodiments. It 1s to be noted that
these specific embodiments are provided to better explain
the present disclosure, rather than limit the scope of the
present disclosure.

In the above shift register provided by embodiments of
the present disclosure, as shown 1n FIGS. 2a to 35, the input
sub-circuit 1 may specifically comprise a first transistor M1.
A control terminal and a first terminal of the first transistor
M1 are both connected to the mput signal terminal Input,
and a second terminal of the first transistor M1 1s connected
to the first node A.

In the above shift register provided by embodiments of
the present disclosure, when the valid pulse signal of the
input signal terminal Input i1s at a high potential, as shown
in FIGS. 2a and 3a, the first transistor M1 may be an N-type
transistor. Alternatively, when the valid pulse signal of the

input signal terminal Input 1s at a low potential, as shown 1n
FIGS. 2b and 3b, the first transistor M1 may be a P-type
transistor, which 1s not limited herein.

In the above shift register provided by embodiments of
the present disclosure, the first transistor provides the signal
of the input signal terminal to the first node when the first
transistor 1s in a turn-on state under the control of the signal
of the mput signal terminal.

The above merely illustrates, by way of example, a
specific structure of the input sub-circuit 1n the shift register.
Upon implementation, the specific structure of the input
sub-circuit 1s not limited to the above structure provided by
embodiments of the present disclosure, but may also be
other structures known to those skilled in the art, which 1s
not limited herein.

In the above shift register provided by embodiments of
the present disclosure, as shown 1 FIGS. 24 to 35, the reset
sub-circuit 2 may specifically comprise a second transistor
M2. A control terminal of the second transistor M2 1is
connected to the reset signal terminal Reset, a first terminal
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of the second transistor M2 1s connected to the reference
signal terminal VSS, and a second terminal of the second
transistor M2 1s connected to the first node A.

In the above shift register provided by embodiments of
the present disclosure, when a valid pulse signal of the reset
signal terminal Reset 1s at a high potential, as shown 1n
FIGS. 2a and 3a, the second transistor M2 may be an N-type
transistor. Alternatively, when the valid pulse signal of the
reset signal terminal Reset 1s at a low potential, as shown in
FIGS. 256 and 35, the second transistor M2 may be a P-type
transistor, which 1s not limited herein.

In the above shift register provided 1n the embodiment of
the present disclosure, the second transistor provides the
signal of the reference signal terminal to the first node when
the second transistor 1s 1n a turn-on state under the control
ol the signal of the reset signal terminal.

The above merely illustrates, by way of example, a
specific structure of the reset sub-circuit 1n the shift register.
Upon mmplementation, the specific structure of the reset
sub-circuit 1s not limited to the above structure provided by
embodiments of the present disclosure, but may also be
other structures known to those skilled in the art, which 1s
not limited herein.

In the above shift register provided by embodiments of
the present disclosure, as shown in FIGS. 2a to 3b, the
potential maintenance sub-circuit 3 may specifically com-
prise a first capacitor C1. One end of the first capacitor C1
1s connected to the clock signal terminal CLK, and the other
end of the first capacitor C1 1s connected to the second node
B.

In the shift register provided in the embodiment of the
present disclosure, when the second node 1s 1n a floating
state, the voltage diflerence across the first capacitor can be
kept stable due to 1ts bootstrap function, 1.e. a stable voltage
difference 1s maintained between the second node and the
clock signal terminal.

The above merely illustrates, by way of example, a
specific structure of the potential maintenance sub-circuit 1n
the shift register. Upon implementation, the specific struc-
ture of the potential maintenance sub-circuit 1s not limited to
the above structure provided by embodiments of the present
disclosure, but may also be other structures known to those
skilled 1n the art, which 1s not limited herein.

In the above shift register provided by embodiments of
the present disclosure, as shown 1 FIGS. 2a to 35, the node
control sub-circuit 4 may specifically comprise a third
transistor M3, a fourth transistor M4, and a fifth transistor
MS. A control terminal of the third transistor M3 1s con-
nected to the input signal terminal Input, a first terminal of
the third transistor M3 1s connected to the reference signal
terminal VSS, and a second terminal of the third transistor
M3 1s connected to the second node B. A control terminal
and a first terminal of the fourth transistor M4 are both
connected to the reset signal terminal Reset, and a second
terminal of the fourth transistor M4 i1s connected to the
second node B. A control terminal of the fifth transistor M5
1s connected to the driving signal output terminal Output, a
first terminal of the fifth transistor M5 1s connected to the
reference signal terminal VSS, and a second terminal of the
fifth transistor M5 1s connected to the second node B.

In the above shift register provided by embodiments of
the present disclosure, when the valid pulse signal of the
input signal terminal Input i1s at a high potential, as shown
in FIGS. 2a and 3a, the third transistor M3 and the fifth
transistor M5 may be N-type transistors. Alternatively, when
the valid pulse signal of the mput signal terminal Input 1s at
a low potential, as shown 1n FIGS. 26 and 354, the third
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transistor M3 and the fifth transistor M5 may be P-type
transistors, which 1s not limited herein.

In the above shift register provided by embodiments of
the present disclosure, when the valid pulse signal of the
reset signal terminal Reset 1s at a high potential, as shown in
FIGS. 2a and 3a, the fourth transistor M4 may be an N-type
transistor. Alternatively, when the valid pulse signal of the

reset signal terminal Reset 1s at a low potential, as shown in
FIGS. 26 and 3b, the fourth transistor M4 may be a P-type
transistor, which 1s not limited herein.

In the above shift register provided by embodiments of
the present disclosure, the third transistor provides the signal
ol the reference signal terminal to the second node when the
third transistor 1s 1in a turn-on state under the control of the
signal of the input signal terminal. The fourth transistor
provides the signal of the reset signal terminal to the second
node when 1t 1s 1n a turn-on state under the control of the
signal of the reset signal terminal. The fifth transistor
provides the signal of the reference signal terminal to the
second node when it 1s 1n a turn-on state under the control
of the signal of the driving signal output terminal.

The above merely illustrates, by way of example, a
specific structure of the node control sub-circuit in the shift
register. Upon implementation, the specific structure of the
node control sub-circuit 1s not limited to the above structure
provided by embodiments of the present disclosure, but may
also be other structures known to those skilled in the art,
which 1s not limited herein.

In the above shift register provided by embodiments of
the present disclosure, as shown in FIGS. 2a to 3b, the first
output sub-circuit 5 may specifically comprise a sixth tran-
sistor M6 and a second capacitor C2. A control terminal of
the sixth transistor M6 1s connected to the first node A, a first
terminal of the sixth transistor M6 1s connected to the clock
signal terminal CLK, and a second terminal of the sixth
transistor M6 1s connected to the driving signal output
terminal Output. One end of the second capacitor C2 1s
connected to the first node A, and the other end of the second
capacitor C2 1s connected to the driving signal output
terminal Output.

In the above shift register provided by embodiments of
the present disclosure, when the valid pulse signal of the
input signal terminal Input 1s at a high potential, as shown
in FIGS. 24 and 3a, the sixth transistor M6 may be an N-type
transistor. Alternatively, when the valid pulse signal of the
input signal terminal Input 1s at a low potential, as shown 1n
FIGS. 2b and 35, the sixth transistor M6 may be a P-type
transistor. No limitation 1s made here.

In the above shift register provided by embodiments of
the present disclosure, the sixth transistor provides the signal
of the clock signal terminal to the driving signal output
terminal when 1t 1s 1n a turn-on state under the control of the
signal of the first node. When the first node 1s 1n a floating
state, the voltage diflerence across the second capacitor can
be kept stable due to 1ts bootstrap function, 1.¢. a stable
voltage difference 1s maintained between the first node and
the driving signal output terminal.

The above merely illustrates, by way of example, a
specific structure of the first output sub-circuit in the shift
register. Upon implementation, the specific structure of the
first output sub-circuit 1s not limited to the above structure
provided by embodiments of the present disclosure, but may
also be other structures known to those skilled in the art,
which 1s not limited herein.

In the above shift register provided by embodiments of
the present disclosure, as shown i FIGS. 2a to 3b, the
second output sub-circuit 6 may specifically comprise a
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seventh transistor M7. A control terminal of the seventh
transistor M7 1s connected to the second node B, a first
terminal of the seventh transistor M7 1s connected to the
reference signal terminal VSS, and a second terminal of the
seventh transistor M7 1s connected to the driving signal
output terminal Output.

In the above shift register provided by embodiments of
the present disclosure, when the valid pulse signal of the
input signal terminal Input 1s at a high potential, as shown
in FIGS. 2a and 3a, the seventh transistor M7 may be an
N-type transistor. Alternatively, when the valid pulse signal
ol the input signal terminal Input 1s at a low potential, as
shown 1n FIGS. 26 and 35, the seventh transistor M7 may be
a P-type transistor. No limitation 1s made here.

In the above shift register provided by embodiments of
the present disclosure, the seventh transistor provides the
signal of the reference signal terminal to the driving signal
output terminal when 1t 1s 1n a turn-on state under the control
of the signal of the second node.

The above merely illustrates, by way of example, a
specific structure of the second output sub-circuit 1n the shift
register. Upon implementation, the specific structure of the
second output sub-circuit 1s not limited to the above struc-
ture provided by embodiments of the present disclosure, but
may also be other structures known to those skilled 1n the art,
which are not limited herein.

In the above shift register provided by embodiments of
the present disclosure, as shown 1n FIGS. 3a and 35, the first
node stabilization sub-circuit 7 may specifically comprise an
cighth transistor M8. A control terminal of the eighth tran-
sistor M8 1s connected to the second node B, a first terminal
of the eighth transistor M8 1s connected to the reference
signal terminal VSS, and a second terminal of the eighth
transistor M8 1s connected to the first node A.

In the above shift register provided by embodiments of
the present disclosure, when the valid pulse signal of the
input signal terminal Input i1s at a high potential, as shown
in FIG. 3a, the eighth transistor M8 may be an N-type
transistor. Alternatively, when the valid pulse signal of the
input signal terminal Input 1s at a low potential, as shown 1n
FIG. 3b, the eighth transistor M8 may be a P-type transistor.
No limitation 1s made here.

In the above shift register provided by embodiments of
the present disclosure, the eighth transistor provides the
signal of the reference signal terminal to the first node when
it 1s 1n a turn-on state under the control of the signal of the
second node.

The above merely illustrates, by way of example, a
specific structure of the first node stabilization sub-circuit 1n
the shift register. Upon implementation, the specific struc-
ture of the first node stabilization sub-circuit 1s not limited
to the above structure provided by embodiments of the
present disclosure, but may also be other structures known
to those skilled 1in the art, which 1s not limited herein.

In the above shift register provided by embodiments of
the present disclosure, as shown 1n FIGS. 3a and 35, the
second node stabilization sub-circuit 8 may specifically
comprise a ninth transistor M9. A control terminal and a first
terminal of the ninth transistor M9 are both connected to the
node stabilization control signal terminal CS, and a second
terminal of the minth transistor M9 i1s connected to the
second node B.

In the above shift register provided by embodiments of
the present disclosure, when the valid pulse signal of the
node stabilization control signal terminal CS 1s at a high
potential, as shown 1n FIG. 3a, the ninth transistor M9 may
be an N-type transistor. Alternatively, when the valid pulse
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signal of the node stabilization control signal terminal CS 1s
at a low potential, as shown 1n FIG. 35, the ninth transistor
M9 may be a P-type transistor. No limitation 1s made here.

In the above shift register provided by embodiments of
the present disclosure, when the ninth transistor provides the
signal of the node stabilization control signal terminal to the
second node when 1t 1s 1n a turn-on state under the control
of the signal of the node stabilization control signal terminal.

The above merely illustrates, by way of example, a
specific structure of the second node stabilization sub-circuit
in the shift register. Upon implementation, the specific
structure of the second node stabilization sub-circuit 1s not
limited to the above structure provided by embodiments of
the present disclosure, but may also be other structures
known to those skilled in the art, which 1s not limited herein.

In certain exemplary embodiments, in order to simplify
the preparation process, 1n the above shift register provided
by embodiments of the present disclosure, when the valid
pulse signal of the input signal terminal Input 1s at a high
potential, as shown 1n FIGS. 24 and 3q, all the transistors
may be N-type transistors. Alternatively, when the valid
pulse signal of the mput signal terminal Input 1s at a low
potential, as shown 1n FIGS. 256 and 35, all the transistors
may be P-type transistors. No limitation 1s made here.

Further, 1n the above shift register provided by embodi-
ments of the present disclosure, an N-type transistor 1s
turned on under the eflect of a high potential at a control
terminal thereof, and 1s turned ofl under the effect of a low
potential at the control terminal thereof. A P-type transistor
1s turned off under the effect of a hugh potentla at a control
terminal thereof, and 1s turned on under the effect of a low
potential at the control terminal thereof.

It 1s to be noted that the transistors mentioned in the above
embodiments of the present disclosure may be amorphous
silicon thin film transistors (a-S1 TFTs) or metal oxide
semiconductor (MOS) field eflect transistors, which are not
limited herein. Upon implementation, a first terminal and a
second terminal of each transistor can be interchanged
according to the type of the transistor and the input signal,
which are not specifically distinguished here.

An operating process of the above shift register provided
by embodiments of the present disclosure will be described
below 1n conjunction with a circuit timing diagram. In the
description below, a high potential signal 1s denoted as 1,
and a low potential signal 1s denoted as O, wherein 1 and 0
represent logic potentials and are only for better explaiming
the operating process of the above shiit register provided by
embodiments of the present disclosure, which are not actual
potentials applied to a control terminal of each transistor.

An operating process of the shift register will be described
by taking the structure of the shift register shown 1 FIG. 3a
as an example. In the shift register shown 1n FIG. 34, all the
transistors are N-type transistors, and each of the N-type
transistors 1s turned on under the effect of a high potential at
the control terminal thereof and turned off under the effect
of a low potential at the control terminal thereof. A corre-
sponding mput and output timing diagram 1s shown 1n FIG.
da.

In a first phase T1, Input=1, Reset=0, CLK=0, CS=0.

Since Input=1, both the first transistor M1 and the third
transistor M3 are turned on. Since the first transistor M1 1s
turned on to provide the signal of the iput signal terminal
Input at a high potential to the first node A, the first node A
1s at a high potential. Since the first node A 1s at a high
potential, the sixth transistor M6 1s turned on. Since the sixth
transistor M6 1s turned on to provide the signal of the clock
signal terminal CLK at a low potential to the driving signal
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output terminal Output, the second capacitor C2 1s charged,
and the driving signal output terminal Output 1s at a low
potential, 1.e. outputtmg a low-potential scan signal. Since
the third transistor M3 1s turned on to provide the signal of
the reference signal terminal VSS at a low potential to the
second node B, the second node B 1s at a low potential. Since
the second node B 1s at a low potential, both the seventh
transistor M7 and the eighth transistor M8 are turned ofl.
Since the driving signal output terminal Output 1s at a low
potential, the fifth transistor M5 1s turned ofl. Since CS=0,
the ninth transistor M9 1s turned ofl. Since Reset=0, both the
second transistor M2 and the fourth transistor M4 are turned
off.

In a second phase T2, in the first half phase, Input=0,
Reset=0, CLK=0, CS=0.

Since Input=0, both the first transistor M1 and the third
transistor M3 are turned off. Since CS=0, the ninth transistor
M9 1s turned off. Since Reset=0, both the second transistor
M2 and the fourth transistor M4 are turned off so that the
first node A 1s 1n a floating state. When the first node A 1s 1n
the tloating state, the first node A 1s maintained at a high
potential, so that the sixth transistor M6 1s turned on. Since
the sixth transistor M6 1s turned on to provide the signal of
the clock signal terminal CLK at a low potential to the
driving signal output terminal Output, the driving signal
output terminal Output 1s at a low potential, 1.e. outputting
a low-potential scan signal.

In the second phase T2, 1n the second half phase, Input=0,
Reset=0, CLK=1, and CS=0.

Since Input=0, both the first transistor M1 and the third
transistor M3 are turned off. Since CS=0, the ninth transistor
M9 1s turned off. Since Reset=0, both the second transistor
M2 and the fourth transistor M4 are turned off, and the first
node A 1s 1n a floating state. Since the first node A is in the
floating state, the first node A 1s maintained at a high
potential, so that the sixth transistor M6 1s turned on. Since
the sixth transistor M6 1s turned on to provide the signal of
the clock signal terminal CLK at a high potential to the
driving signal output terminal Output, the driving signal
output terminal Output 1s at a high potential, 1.e. outputting
a high-potential scan signal. Since the second capacitor C2
1s connected between the first node A and the driving signal
output terminal Output, the potential of the first node A 1s
further pulled up by the bootstrap function of the second
capacitor C2 1n order to keep the voltage difference across
the second capacitor C2 stable, so that the sixth transistor
M6 1s fully turned on to provide the signal of the clock signal
terminal CLK at a high potential to the driving signal output
terminal Output with no voltage loss, such that the driving
signal output terminal Output 1s at a high potential, 1.e.
outputting a high-potential scan signal. Since the drniving
signal output terminal Output 1s at a high potential, the fifth
transistor M5 1s turned on. Since the fifth transistor M5 1s
turned on to provide the signal of the reference signal
terminal VSS at a low potential to the second node B, the
second node B 1s at a low potential. Since the second node
B 1s at a low potential, both the seventh transistor M7 and
the eighth transistor M8 are turned ofl.

In a third phase T3, Input=0, Reset=0, CLK=0, C5=0.

Since Input=0, both the first transistor M1 and the third
transistor M3 are turned off. Since CS=0, the ninth transistor
M9 1s turned off. Since Reset=0, both the second transistor
M2 and the fourth transistor M4 are turned ofl, and the first
node A 1s 1n a tloating state. Since the first node A is in the
floating state, the first node A 1s maintained at a high
potential, so that the sixth transistor M6 1s turned on. Since
the sixth transistor M6 1s turned on to provide the signal of
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the clock signal terminal CLK at a low potential to the
driving signal output terminal Output, the driving signal
output terminal Output 1s at a low potential, 1.e. outputting
a low-potential scan signal. Since the second capacitor C2 1s
connected between the first node A and the driving signal
output terminal Output, the potential of the first node A
returns to the high potential from the state of being further
pulled-up by means of the bootstrap function of the second
capacitor C2 1n order to keep the voltage difference across
the second capacitor C2 stable.

In a fourth phase T4, Input=0, Reset=1, CLK=0, CS=1.

Since Input=0, both the first transistor M1 and the third
transistor M3 are turned off. Since Reset=1, both the second
transistor M2 and the fourth transistor M4 are turned on.
Since the fourth transistor M4 1s turned on to provide the
signal of the reset signal terminal Reset at a high potential
to the second node B, the second node B 1s at a ligh
potential, thereby charging the first capacitor C1. Since
CS=1, the ninth transistor M9 1s turned on. Since the ninth
transistor M9 1s turned on to provide the signal of the node
stabilization control signal terminal CS at a high potential to
the second node B, 1t 1s further ensured that the second node
B 1s at a high potential. Since the second node B is at a high
potential, both the seventh transistor M7 and the eighth
transistor M8 are turned on. Since the seventh transistor M7
1s turned on to provide the signal of the reference signal
terminal VSS at a low potential to the driving signal output
terminal Output, the driving signal output terminal Output 1s
at a low potential, 1.e. outputting a low-potential scan signal.
Since the second transistor M2 1s turned on to provide the
signal of the reference signal terminal VSS at a low potential
to the first node A, the first node A 1s at a low potential so
that the second capacitor C2 1s discharged. Since the eighth
transistor M8 1s turned on to provide the signal of the
reference signal terminal VSS at a low potential to the first
node A, 1t 1s further ensured that the first node A 1s at a low
potential. Since the first node A 1s at a low potential, the sixth
transistor M6 1s turned off.

In a fifth phase T5, in the first half phase, Input=0,
Reset=0, CLK=0, and CS5=0.

Since Input=0, both the first transistor M1 and the third
transistor M3 are turned off. Since CS=0, the ninth transistor
M9 1s turned off. Since Reset=0, both the second transistor
M2 and the fourth transistor M4 are turned off, and the
second node B 1s 1n a floating state. Since the second node
B 1s 1n a floating state, the second node B 1s maintained at
a high potential, so that both the seventh transistor M7 and
the eighth transistor M8 are turned on. Since the seventh
transistor M7 1s turned on to provide the signal of the
reference signal terminal VSS at a low potential to the
driving signal output terminal Output, the driving signal
output terminal Output 1s at a low potential, 1.e. outputting
a low-potential scan signal. Since the eighth transistor M8 1s
turned on to provide the signal of the reference signal
terminal VSS at a low potential to the first node A, 1t 1s
turther ensured that the first node A 1s at a low potential.

Since the first node A 1s at a low potential, the sixth transistor
M6 1s turned ofl.

In the fifth phase T35, 1n the second half phase, Input=0,
Reset=0, CLK=1, and CS=0.

Since Input=0, both the first transistor M1 and the third
transistor M3 are turned off. Since CS=0, the ninth transistor
M9 1s turned off. Since Reset=0, both the second transistor
M2 and the fourth transistor M4 are turned off, and the
second node B 1s 1n a floating state. Since the second node
B 1s in a floating state, CLK=1 and the first capacitor C1 1s
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terminal CLK, the potential of the second node B 1s further
pulled up by the bootstrap function of the first capacitor C1,
so that the seventh transistor M7 and the eighth transistor
M8 are fully turned on. Since the seventh transistor M7 1s
fully turned on to provide the signal of the reference signal
terminal VSS at a low potential to the driving signal output
terminal Output without voltage loss, the driving signal
output terminal Output 1s at a low potential, 1.e. outputting
a low-potential scan signal. Since the eighth transistor M8 1s
tully turned on to provide the signal of the reference signal
terminal VSS at a low potential to the first node A without
voltage loss, 1t 1s further ensured that the first node A 1s at
a low potential. Since the first node A 1s at a low potential,
the sixth transistor M6 1s turned off.

In the above shift register provided by embodiments of
the present disclosure, after the fifth phase, the operating
process of the fifth phase 1s repeatedly performed until the
next frame starts.

In the above shift register provided by embodiments of
the present disclosure, 1n the fifth phase and after the fifth
stage, due to the bootstrap function of the first capacitor, the
second node can be kept in a high potential state so as to
ensure that the seventh transistor 1s always turned on to
provide the signal of the reference signal terminal at a low
potential to the driving signal output terminal, thereby
keeping the driving signal output terminal always 1n a low
potential state. As a result, the stability of the shift register
1s improved. When the shift register 1s applied to a display
device, display stability of the display device can be
improved.

An operating process of the shift register will be described
by taking the structure of the shift register shown 1 FIG. 356
as an example. In the shift register shown 1n FIG. 35, all the
transistors are P-type transistors, and each of the P-type
transistors 1s turned on under the eflect of a low potential at
a control terminal thereof and turned off under the eflect of
a high potential at the control terminal thereof. A corre-
sponding 1mput and output timing diagram 1s shown 1n FIG.
4b.

In a first phase T1, Input=0, Reset=1, CLK=1, and CS=1.

Since Input=0, both the first transistor M1 and the third
transistor M3 are turned on. Since the first transistor M1 1s
turned on to provide the signal of the input signal terminal
Input at a low potential to the first node A, the first node A
1s at a low potential. Since the first node A 1s at a low
potential, the sixth transistor M6 1s turned on. Since the sixth
transistor M6 1s turned on to provide the signal of the clock
signal terminal CLK at a high potential to the driving signal
output terminal Output, the second capacitor C2 1s charged,
and the driving signal output terminal Output 1s at a high
potential, 1.e. outputtmg a high-potential scan signal. Since
the third transistor M3 1s turned on to provide the signal of
the reference signal terminal VSS at a high potential to the
second node B, the second node B 1s at a high potential.
Since the second node B 1s at a high potential, both the
seventh tran51st0r M7 and the eighth transistor M8 are
turned ofl. Since the driving signal output terminal Output 1s
at a high potential, the fifth transistor M3 1s turned ofl. Since
CS=1, the ninth transistor M9 1s turned ofl. Since Reset=1,
both the second transistor M2 and the fourth transistor M4
are turned ofl.

In a second phase T2, in the first half phase, Input=1,
Reset=1, CLK=1, and CS 1.

Since Input=1, both the first transistor M1 and the third
transistor M3 are turned off. Since CS=1, the ninth transistor
M9 1s turned off. Since Reset=1, both the second transistor
M2 and the fourth transistor M4 are turned ofl, so that the
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first node A 1s 1n a tloating state. When the first node A 1s 1n
the floating state, the first node A 1s maintained at a low
potential, so that the sixth transistor M6 1s turned on. Since
the sixth transistor M6 1s turned on to provide the signal of
the clock signal terminal CLK at a high potential to the
driving signal output terminal Output, the driving signal
output terminal Output 1s at a high potential, 1.e. outputting
a high-potential scan signal.

In the second phase T2, 1n the second half phase, Input=1,
Reset=1, CLK=0, and CS=1.

Since Input=1, both the first transistor M1 and the third
transistor M3 are turned off. Since CS=1, the ninth transistor
M9 1s turned off. Since Reset=1, both the second transistor
M2 and the fourth transistor M4 are turned ofl, and the first
node A 1s 1n a floating state. Since the first node A 1s 1n the
floating state, the first node A 1s maintained at a low
potential, so that the sixth transistor M6 1s turned on. Since
the sixth transistor M6 1s turned on to provide the signal of
the clock signal terminal CLK at a low potential to the
driving signal output terminal Output, the driving signal
output terminal Output 1s at a low potential, 1.e. outputting
a low-potential scan signal. Since the second capacitor C2 1s
connected between the first node A and the driving signal
output terminal Output, the potential of the first node A 1s
turther pulled down by the bootstrap eflect of the second
capacitor C2 in order to keep the voltage difference across
the second capacitor C2 stable, so that the sixth transistor
M6 1s tully turned on to provide the signal of the clock signal
terminal CLK at a low potential to the driving signal output
terminal Output with no voltage loss, so that the driving
signal output terminal Output 1s at a low potential, 1.e.
outputting a low-potential scan signal. Since the drniving
signal output terminal Output 1s at a low potential, the fifth
transistor M5 1s turned on. Since the fifth transistor M5 1s
turned on to provide the signal of the reference signal
terminal VSS at a high potential to the second node B, the
second node B 1s at a high potential. Since the second node
B 1s at a high potential, both the seventh transistor M7 and
the eighth transistor M8 are turned off.

In a third phase T3, Input=1, Reset=1, CLK=1, and CS=1.

Since Input=1, both the ﬁrst transistor M1 and the third
transistor M3 are turned off. Since CS=1, the ninth transistor
M9 1s turned off. Since Reset=1, both the second transistor
M2 and the fourth transistor M4 are turned ofl, and the first
node A 1s 1n a floating state. Since the first node A is in the
floating state, the first node A 1s maintained at a low
potential, so that the sixth transistor M6 1s turned on. Since
the sixth transistor M6 1s turned on to provide the signal of
the clock signal terminal CLK at a high potential to the
driving signal output terminal Output, the driving signal
output terminal Output 1s at a high potential, 1.e. outputting
a high-potential scan signal. Since the second capacitor C2
1s connected between the first node A and the driving signal
output terminal Output, the potential of the first node A
returns to the low potential from the state of being further
pulled down by means of the bootstrap function of the
second capacitor C2 1n order to keep the voltage difference
across the second capacitor C2 stable.

In a fourth phase T4, Input=1, Reset=0, CLK=1, CS=0.

Since Input=1, both the first transistor M1 and the third
transistor M3 are turned off. Since Reset=0, both the second
transistor M2 and the fourth transistor M4 are turned on.
Since the fourth transistor M4 1s turned on to provide the
signal of the reset signal terminal Reset at a low potential to
the second node B, the second node B 1s at a low potential,
thereby charging the first capacitor C1. Since CS=0, the
ninth transistor M9 1s turned on. Since the ninth transistor
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M9 i1s turned on to provide the signal of the node stabiliza-
tion control signal terminal CS at a low potential to the
second node B, 1t 1s further ensured that the second node B
1s at a low potential. Since the second node B 1s at a low
potential, both the seventh transistor M7 and the eighth
transistor M8 are turned on. Since the seventh transistor M7
1s turned on to provide the signal of the reference signal
terminal VSS at a high potential to the driving signal output
terminal Output, the driving signal output terminal Output 1s
at a high potential, 1.e. outputting a high-potential scan
signal. Since the second transistor M2 1s turned on to
provide the signal of the reference signal terminal VSS at a
high potential to the first node A, the first node A 1s at a hugh
potential, so that the second capacitor C2 1s discharged.
Since the eighth transistor M8 1s turned on to provide the
signal of the reference signal terminal VSS at a high
potential to the first node A, 1t 1s further ensured that the first
node A 1s at a high potential. Since the first node A 1s at a

high potential, the sixth transistor M6 1s turned off.

In a fifth phase T5, in the first half phase, Input=l,
Reset=1, CLLK=1, and CS—=1.

Since Input=1, both the first transistor M1 and the third
transistor M3 are turned off. Since CS=1, the ninth transistor
M9 1s turned off. Since Reset=1, both the second transistor
M2 and the fourth transistor M4 are turned off, and the
second node B 1s 1n a floating state. Since the second node
B 1s in the floating state, the second node B 1s maintained at
a low potential, so that both the seventh transistor M7 and
the eighth transistor M8 are turned on. Since the seventh
transistor M7 1s turned on to provide the signal of the
reference signal terminal VSS at a high potential to the
driving signal output terminal Output, the driving signal
output terminal Output 1s at a high potential, 1.e. outputting
a high-potential scan signal. Since the eighth transistor M8
1s turned on to provide the signal of the reference signal
terminal VSS at a high potential to the first node A, 1t 1s
turther ensured that the first node A 1s at a high potential.
Since the first node A 1s at a high potential, the sixth
transistor M6 1s turned off.

In the fifth phase T5, 1n the second half phase, Input=1,
Reset=1, CLK=0, and CS5=1.

Since Input=1, both the first transistor M1 and the third
transistor M3 are turned off. Since CS=1, the ninth transistor
M9 1s turned off. Since Reset=1, both the second transistor
M2 and the fourth transistor M4 are turned off, and the
second node B 1s 1n a floating state. Since the second node
B 1s 1n the floating state, CLK=0 and the first capacitor C1
1s connected between the second node B and the clock signal
terminal CLK, the potential of the second node B i1s further
pulled down by the bootstrap function of the first capacitor
C1, so that the seventh transistor M7 and the eighth tran-
sistor M8 are fully turned on. Since the seventh transistor
M7 1s fully turned on to provide the signal of the reference
signal terminal VSS at a high potential to the driving signal
output terminal Output without voltage loss, the driving
signal output terminal Output 1s at a high potential, 1.e.
outputting a high-potential scan signal. Since the eighth
transistor M8 1s fully turned on to provide the signal of the
reference signal terminal VSS at a high potential to the first
node A without voltage loss, 1t 1s further ensured that the first
node A 1s at a high potential. Since the first node A 1s at a
high potential, the sixth transistor Mé 1s turned off.

In the above shift register provided by embodiments of
the present disclosure, after the fifth phase, the operating
process of the fifth phase i1s repeatedly performed until the
next frame starts.
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In the above shift register provided by embodiments of
the present disclosure, 1n the fifth phase and after the fifth
phase, due to the bootstrap function of the first capacitor, the
second node can be kept in a low potential state so as to
ensure that the seventh transistor 1s always turned on to
provide the signal of the reference signal terminal at a high
potential to the driving signal output terminal, thereby
keeping the driving signal output terminal always 1n a high
potential state. As a result, the stability of the shift register
1s improved. When the shift register 1s applied to a display
device, display stability of the display device can be
improved.

Embodiments of the present disclosure further provide a
driving method of any one of the above shift registers
provided by the embodiments of the present disclosure. The
driving method comprises a first phase, a second phase, a
third phase, a fourth phase, and a fifth phase.

Specifically, as shown 1n FIG. 5, the method comprises
the following steps. At step S501, 1n the {irst phase, the input
sub-circuit provides the signal of the input signal terminal to
the first node under the control of the signal of the input
signal terminal, the first output sub-circuit provides the
signal of the clock signal terminal to the driving signal
output terminal under the control of the signal of the first
node, and the node control sub-circuit provides the signal of
the reference signal terminal to the second node under the
control of the signal of the imput signal terminal.

At step S502, in the second phase, 1n response to the first
node being in a floating state, the first output sub-circuit
maintains a stable voltage difference between the first node
and the driving signal output terminal, and provides the
signal of the clock signal terminal to the driving signal
output terminal under the control of the signal of the first
node. The node control sub-circuit provides the signal of the
reference signal terminal to the second node under the
control of the signal of the driving signal output terminal.

At step S3503, 1n the third phase, in response to the first
node being in a floating state, the first output sub-circuit
maintains a stable voltage difference between the first node
and the driving signal output terminal, and provides the
signal of the clock signal terminal to the driving signal
output terminal under the control of the signal of the first
node. The potential maintenance sub-circuit maintains a
stable voltage diflerence between the clock signal terminal
and the second node in response to the second node being 1n
a floating state.

At step S504, in the fourth phase, the reset sub-circuit
provides the signal of the reference signal terminal to the
first node under the control of the signal of the reset signal
terminal, the node control sub-circuit provides the signal of
the reset signal terminal to the second node under the control
of the signal of the reset signal terminal, and the second
output sub-circuit provides the signal of the reference signal
terminal to the driving signal output terminal under the
control of the signal of the second node.

At step S505, 1n the fifth phase, the potential maintenance
sub-circuit maintains a stable voltage diflerence between the
clock signal terminal and the second node in response to the
second node being 1n a tloating state, and the second output
sub-circuit provides the signal of the reference signal ter-
minal to the driving signal output terminal under the control
of the signal of the second node.

With the above driving method provided by embodiments
of the present disclosure, the potential maintenance sub-
circuit can maintain the potential of the second node so as to
ensure normal output of the second output sub-circuit,
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thereby improving the output stability of the shift register to
make the output of the driving signal output terminal more
stable.

Further, 1n the above dniving method provided by embodi-
ments of the present disclosure, when each shift register
further comprises a first node stabilization sub-circuit, the
driving method may further comprise: 1n the fourth phase,
providing, by the first node stabilization sub-circuit, the
signal of the reference signal terminal to the first node under
the control of the signal of the second node, and in the fifth
phase, providing, by the first node stabilization sub-circuit,
the signal of the reference signal terminal to the first node
under the control of the signal of the second node.

In the driving method provided by embodiments of the
present disclosure, when each shiit register turther com-
prises a second node stabilization sub-circuit, the driving
method may further comprise: 1n the fourth phase, provid-
ing, by the second node stabilization sub-circuit, the signal
of the node stabilization control signal terminal to the
second node under the control of the signal of the node
stabilization control signal terminal.

In the above driving method provided by embodiments of
the present disclosure, when each shift register further
comprise both the first node stabilization sub-circuit and the
second node stabilization sub-circuit, the driving method
may further comprise: in the fourth phase, providing, by the
first node stabilization sub-circuit, the signal of the reference
signal terminal to the first node under the control of the
signal of the second node, providing, by the second node
stabilization sub-circuit, the signal of the node stabilization
control signal terminal to the second node under the control
of the signal of the node stabilization control signal terminal,
and 1n the fifth phase, providing, by the first node stabili-
zation sub-circuit, the signal of the reference signal terminal
to the first node under the control of the signal of the second
node.

Embodiments of the present disclosure further provide a
gate driving circuit, as shown in FIG. 6 (FIG. 6 illustrates an
example 1 which the node stabilization control signal
terminal and the reset signal terminal in the shift register of
cach stage are the same signal terminal), comprising cas-
caded M shift registers provided by embodiments of the
present disclosure: SR(1), SR(2) . . . SR(N-2), SR(N-1),
SR(N), SR(N+1), SR(N+2), SR(N+3) ... SR(M-1), SR(M),
where M 1s an integer greater than or equal to 3. Specifically,
an input signal terminal Input of a first stage shift register
SR(1) 1s connected to a first frame trigger signal terminal
STV1; an mput signal terminal Input of a second stage shift
register SR(2) 1s connected to a second frame trigger signal
terminal STV2; an mput signal terminal Input of an N-th
stage shift register SR(N) 1s connected to a driving signal
output terminal Output of an (N-2)-th stage shift register
SR(N-2); and a reset signal terminal Reset of the (N-2)-th
stage shift register SR(N-2) 1s connected to a driving signal
output terminal Output of the N-th stage shilt register
SR(N). N 1s an integer greater than or equal to 3 and less than
or equal to M.

Specifically, the specific structure of each shiit register in
the above gate driving circuit 1s the same in function and
structure as the above shiit register of the present disclosure.
The repeated description 1s omitted.

In some exemplary embodiments, 1n order to reduce the
number of signal lines, the node stabilization control signal
terminal and the input signal terminal 1n the shift register of
cach stage may be the same signal terminal.

In the above gate driving circuit provided by embodi-
ments ol the present disclosure, as shown i FIG. 6, a




US 11,100,841 B2

19

reference signal terminal VSS of a shift register of each
stage 1s connected to the same direct current reference
terminal vss. A clock signal terminal CLK of a (4k-3)-th
stage shift register 1s connected to a first clock terminal ckl,
a clock signal terminal CLK of a (4k-2)-th stage shiit
register 1s connected to a second clock terminal ck2, a clock
signal terminal CLK of a (4k-1)-th stage shiit register 1s
connected to a third clock terminal ck3, and a clock signal
terminal CLK of a 4k-th stage shift register 1s connected to
a fourth clock terminal ckd, where k 1s an integer greater
than or equal to 1.

Embodiments of the present disclosure further provide a
display device comprising the above gate driving circuit.

The display device provided by embodiments of the
present disclosure, as shown 1n FIG. 6, further comprises a
plurality of gate lines: Gatel, Gate2, Gate3, Gated . . .
GateN-2, GateN-1, (GateN, GateN+1, GateN+2,
GateN+3 . . . GateM-3, GateM-2, GateM-1, and GateM,
and each gate line GateN 1s correspondingly connected to a
driving signal output terminal Output_N of a shift register
SR(N) of one stage in the gate drniving circuit. The shift
registers SR(1), SR(2) . . . SR(N-2), SR(N-1), SR(N),
SR(N+1), SR(N+2), SR(N+3) . .. SR(M-1), and SR(M) of
respective stages 1n the gate driving circuit provide scan

signals to corresponding gate lines Gatel, Gate2, Gate3,
Gated . . . GateN-2, GateN-1, GateN, GateN+1, GateN+2,

GateN+3 . . . GateM-3, GateM-2, GateM-1, and GateM,
respectively. For specific implementation thereof, reference
may be made to the description of the above gate driving
circuit, and the similarities are not described repeatedly.

In the above display device provided by embodiments of
the present disclosure, as shown in FIG. 6, the gate driving
circuit may be disposed on two sides of a display panel in the
display device. Of course, the gate driving circuit may also
be disposed on the same side of the display panel in the
display device, which 1s not limited herein.

In the above display device provided by embodiments of
the present disclosure, the display device may be any
product or component having a display function such as a
mobile phone, a tablet computer, a television, a display, a
notebook computer, a digital photo frame, a navigator, and
the like. Other essential components of the display device
are understandable by those ordinarnly skilled in the art,
which are not described herein, and should not be taken as
limiting the present disclosure.

Embodiments of the present disclosure provide a shift
register, a driving method thereolf, a gate driving circuit, and
a display device. The shift register provided comprises: an
input sub-circuit, a reset sub-circuit, a node control sub-
circuit, a potential maintenance sub-circuit, a first output
sub-circuit, and a second output sub-circuit, wherein the
input sub-circuit 1s configured to provide the signal of the
input signal terminal to the first node under the control of the
signal of the mput signal terminal; the reset sub-circuit 1s
configured to provide the signal of the reference signal
terminal to the first node under the control of the signal of
the reset signal terminal; the potential maintenance sub-
circuit 1s configured to maintain a stable voltage difference
between the clock signal terminal and the second node in
response to the second node being in a floating state; the
node control sub-circuit 1s configured to provide the signal
of the reference signal terminal to the second node under the
control of the signal of the input signal terminal, provide the
signal of the reset signal terminal to the second node under
the control of the signal of the reset signal terminal, and
provide the signal of the reference signal terminal to the
second node under the control of a signal of the driving
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signal output terminal; the first output sub-circuit 1s config-
ured to provide the signal of the clock signal terminal to the
driving signal output terminal under the control of the signal
of the first node, and maintain a stable voltage difference
between the first node and the driving signal output terminal
in response to the first node being in a floating state; and the
second output sub-circuit 1s configured to provide the signal
of the reference signal terminal to the driving signal output
terminal under the control of the signal of the second node.
Therefore, 1t 1s possible to enable the potential maintenance
sub-circuit to maintain the potential of the second node by
means of cooperation of the above six sub-circuits so as to
ensure normal output of the second output sub-circuit,
thereby improving the output stability of the shift register to
make the output of the driving signal output terminal more
stable.
It will be apparent to those skilled in the art that various
modifications and variations can be made in the present
disclosure without departing from the spirit and scope
thereof. Thus, 11 these modifications and variations of the
present disclosure fall within the scope of the claims of the
present disclosure and their equivalent technologies, the
present disclosure 1s also mtended to include these modifi-
cations and variations.
The mmvention claimed 1s:
1. A shift register comprising;
an 1nput sub-circuit,
a reset sub-circuit,
a potential maintenance sub-circuit,
a node control sub-circuit,
a first output sub-circuit, and
a second output sub-circuit,
wherein the input sub-circuit 1s connected to an 1nput
signal terminal and a first node, respectively, and
configured to provide a signal of the mnput signal
terminal to the first node under the control of the signal
of the mput signal terminal;
wherein the reset sub-circuit 1s connected to a reset signal
terminal, a reference signal terminal, and the first node,
respectively, and configured to provide a signal of the
reference signal terminal to the first node under the
control of a signal of the reset signal terminal;

wherein the potential maintenance sub-circuit 1s con-
nected to a clock signal terminal and a second node,
respectively, and configured to maintain a stable volt-
age difference between the clock signal terminal and
the second node 1n response to the second node being
in a tloating state;

wherein the node control sub-circuit 1s connected to the

input signal terminal, the reset signal terminal, the

reference signal terminal, the second node, and a driv-

ing signal output terminal of the shift register, respec-

tively, and configured to:

provide the signal of the reference signal terminal to the
second node under the control of the signal of the
input signal terminal,

provide the signal of the reset signal terminal to the
second node under the control of the signal of the
reset signal terminal, and

provide the signal of the reference signal terminal to the
second node under the control of a signal of the
driving signal output terminal;

wherein the first output sub-circuit 1s connected to the

clock signal terminal, the first node, and the driving
signal output terminal, respectively, and configured to
provide the signal of the clock signal terminal to the
driving signal output terminal under the control of the
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signal of the first node, and maintain a stable voltage
difference between the first node and the driving signal
output terminal 1n response to the first node being 1n a
floating state; and

wherein the second output sub-circuit 1s connected to the

reference signal terminal, the second node, and the
driving signal output terminal, respectively, and con-
figured to provide the signal of the reference signal
terminal to the driving signal output terminal under the
control of a signal of the second node.

2. The shift register according to claim 1, wherein the
potential maintenance sub-circuit comprises a first capacitor,
and wherein one end of the first capacitor 1s connected to the
clock signal terminal, and the other end of the first capacitor
1s connected to the second node.

3. The shift register according to claim 1, wherein the
iput sub-circuit comprises a first transistor, and wherein a
control terminal and a first terminal of the first transistor are
both connected to the mput signal terminal, and a second
terminal of the first transistor 1s connected to the first node.

4. The shift register according to claim 1, wherein the
reset sub-circuit comprises a second transistor, and wherein
a control terminal of the second transistor 1s connected to the
reset signal terminal, a first terminal of the second transistor
1s connected to the reference signal terminal, and a second
terminal of the second transistor 1s connected to the first
node.

5. The shift register according to claim 1, wherein the
node control sub-circuit comprises:

a third transistor,

a fourth transistor, and

a fifth transistor:;

wherein, a control terminal of the third transistor i1s

connected to the mput signal terminal, a first terminal
of the third transistor 1s connected to the reference
signal terminal, and a second terminal of the third
transistor 1s connected to the second node;

wherein a control terminal and a first terminal of the

fourth transistor are both connected to the reset signal
terminal, and a second terminal of the fourth transistor
1s connected to the second node; and

wherein a control terminal of the fifth transistor 1s con-

nected to the driving signal output terminal, a first
terminal of the fifth transistor i1s connected to the
reference signal terminal, and a second terminal of the
fifth transistor 1s connected to the second node.

6. The shift register according to claim 1, wherein the first
output sub-circuit comprises a sixth transistor and a second
capacitor,

wherein a control terminal of the sixth transistor 1s

connected to the first node, a first terminal of the sixth
transistor 1s connected to the clock signal terminal, and
a second terminal of the sixth transistor 1s connected to
the driving signal output terminal; and

wherein one end of the second capacitor 1s connected to

the first node, and the other end of the second capacitor
1s connected to the driving signal output terminal.

7. The shift register according to claim 1, wherein the
second output sub-circuit comprises a seventh transistor, and
wherein a control terminal of the seventh transistor is
connected to the second node, a first terminal of the seventh
transistor 1s connected to the reference signal terminal, and
a second terminal of the seventh transistor 1s connected to
the driving signal output terminal.

8. The shift register according to claim 1, further com-
prising a first node stabilization sub-circuit, wherein the first
node stabilization sub-circuit 1s connected to the reference
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signal terminal, the first node, and the second node, respec-
tively, and configured to provide the signal of the reference
signal terminal to the first node under the control of the
signal of the second node.

9. The shift register according to claim 8, wherein the first
node stabilization sub-circuit comprises an eighth transistor,
and wherein a control terminal of the eighth transistor is
connected to the second node, a first terminal of the eighth
transistor 1s connected to the reference signal terminal, and
a second terminal of the eighth transistor 1s connected to the
first node.

10. The shiit register according to claim 1, further com-
prising a second node stabilization sub-circuit, wherein the
second node stabilization sub-circuit 1s connected to a node
stabilization control signal terminal and the second node,
respectively, and configured to provide a signal of the node
stabilization control signal terminal to the second node
under the control of the signal of the node stabilization

control signal terminal.

11. The shiit register according to claim 10, wherein the
second node stabilization sub-circuit comprises a ninth
transistor, and wherein a control terminal and a first terminal
of the ninth transistor are both connected to the node
stabilization control signal terminal, and a second terminal
of the ninth transistor 1s connected to the second node.

12. A gate dnving circuit comprising cascaded M shift
registers according to claim 1, M being an integer greater
than or equal to 3,

wherein an mput signal terminal of a first stage shait

register 1s connected to a first frame trigger signal
terminal;

wherein an mput signal terminal of a second stage shiit

register 1s connected to a second frame trigger signal
terminal;

wherein an input signal terminal of an N-th stage shiit

register 1s connected to a driving signal output terminal
of an (N-2)-th stage shift register; and

wherein a reset signal terminal of the (N-2)-th stage shaft

register 1s connected to a driving signal output terminal
of the N-th stage shift register, N being an integer
greater than or equal to 3 and less than or equal to M.

13. A display device comprising the gate driving circuit
according to claim 12.

14. The gate dniving circuit according to claim 12,
wherein the potential maintenance sub-circuit comprises a
first capacitor, and wherein one end of the first capacitor 1s
connected to the clock signal terminal and the other end of
the first capacitor 1s connected to the second node.

15. The gate dniving circuit according to claim 12,
wherein the mput sub-circuit comprises a first transistor, and
wherein a control terminal and a first terminal of the first
transistor are both connected to the mput signal terminal,
and a second terminal of the first transistor 1s connected to
the first node.

16. The gate driving circuit according to claim 12,
wherein the reset sub-circuit comprises a second transistor,
and wherein a control terminal of the second transistor 1s
connected to the reset signal terminal, a first terminal of the
second transistor 1s connected to the reference signal termi-
nal, and a second terminal of the second transistor i1s
connected to the first node.

17. The gate drniving circuit according to claim 12,
wherein the node control sub-circuit comprises:

a third transistor,

a fourth transistor, and

a fifth transistor:
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wherein a control terminal of the third transistor 1s con-
nected to the input signal terminal, a first terminal of
the third transistor 1s connected to the reference signal
terminal, and a second terminal of the third transistor 1s
connected to the second node;
wherein a control terminal and a first terminal of the
fourth transistor are both connected to the reset signal
terminal, and a second terminal of the fourth transistor
1s connected to the second node; and
wherein a control terminal of the fifth transistor 1s con-
nected to the dniving signal output terminal, a first
terminal of the fifth transistor i1s connected to the
reference signal terminal, and a second terminal of the
fifth transistor 1s connected to the second node.
18. A driving method of a shiit register according to claim
1, comprising:
a first phase,
a second phase,
a third phase,
a fourth phase, and
a fifth phase,
wherein, 1n the first phase:
the mput sub-circuit provides the signal of the input
signal terminal to the first node under the control of
the signal of the mput signal terminal;
the first output sub-circuit provides the signal of the
clock signal terminal to the driving signal output
terminal under the control of the signal of the first
node; and
the node control sub-circuit provides the signal of the
reference signal terminal to the second node under
the control of the signal of the mput signal terminal;
wherein 1n the second phase:
the first output sub-circuit maintains a stable voltage
difference between the first node and the driving
signal output terminal 1n response to the first node
being 1n a floating state, and provides the signal of
the clock signal terminal to the driving signal output
terminal under the control of the signal of the first
node; and
the node control sub-circuit provides the signal of the
reference signal terminal to the second node under
the control of the signal of the driving signal output
terminal;

wherein 1n the third phase:

the first output sub-circuit maintains a stable voltage
difference between the first node and the driving
signal output terminal 1n response to the first node
being 1n a tloating state, and provides the signal of
the clock signal terminal to the driving signal output
terminal under the control of the signal of the first
node; and
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the potential maintenance sub-circuit maintains a stable
voltage diflerence between the clock signal terminal
and the second node 1n response to the second node
being 1n a floating state;

wherein 1n the fourth phase:

the reset sub-circuit provides the signal of the reference
signal terminal to the first node under the control of
the signal of the reset signal terminal;

the node control sub-circuit provides the signal of the
reset signal terminal to the second node under the
control of the signal of the reset signal terminal; and

the second output sub-circuit provides the signal of the
reference signal terminal to the driving signal output
terminal under the control of the signal of the second
node; and

in the fifth phase:

the potential maintenance sub-circuit maintains a stable
voltage diflerence between the clock signal terminal
and the second node 1n response to the second node
being 1n a floating state; and

the second output sub-circuit provides the signal of the
reference signal terminal to the driving signal output
terminal under the control of the signal of the second
node.

19. The driving method according to claim 18, wherein
cach shift register further comprises a first node stabilization
sub-circuit, and wherein the first node stabilization sub-
circuit 1s connected to the reference signal terminal, the first
node, and the second node, respectively, and configured to
provide the signal of the reference signal terminal to the first
node under the control of the signal of the second node, and
the driving method further comprises:

in the fourth phase, providing, by the first node stabili-
zation sub-circuit, the signal of the reference signal

terminal to the first node under the control of the signal
of the second node; and

in the fifth phase, providing, by the first node stabilization

sub-circuit, the signal of the reference signal terminal to
the first node under the control of the signal of the
second node.

20. The drniving method according to claim 18, wherein
cach shift register further comprises a second node stabili-
zation sub-circuit, and wherein the second node stabilization
sub-circuit 1s connected to a node stabilization control signal
terminal and the second node, respectively, and configured
to provide a signal of the node stabilization control signal
terminal to the second node under the control of the signal
of the node stabilization control signal terminal, and the
driving method further comprises:

in the fourth phase, providing, by the second node stabi-

lization sub-circuit, the signal of the node stabilization
control signal terminal to the second node under the
control of the signal of the node stabilization control
signal terminal.
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